• They can used to provide pre-course information (theory) prior to hands-on (practical) courses or as revision aids to those preparing for examinations.
I N B R I E F EDUCATION
In many ways the CD-ROM was the first digital teaching aid, the precursor of what was to develop into e-learning. Launched in the mid-1980s, its first educational application was as a storage medium for reference material. Since then the list of its uses has grown as has its storage capacity, ability to hold data in different formats -text, audio image and video -and its interactive properties have allowed developers to produce discs which enhance both the processes and enjoyment of teaching and learning. In this article the stages involved in production of an educational CD-ROM, typical content and the benefits are considered, prior to a review of a number discs that have been used in dental education. The varied titles reveal how versatile CD-ROMs can be. They range from a course showing students the importance of good patient communications and how to achieve them, to an in-depth exposition in the 'Head and Neck Anatomy' disc, a subject important not just for dentistry, but for other medical disciplines as well. The last section of this article consid ers a study undertaken amongst its students by the Open University, which investigated the effectiveness of CD-ROM in education. In conclusion, it can be said that although the CD-ROM format is a versatile, popular and valuable aid, with the emergence of DVD it may soon be seen as 'old technology' and replaced by the newer format. Initially, its storage capacity attracted the attention of the publishers of ency clopaedias and other reference books and, when it was launched, this was the first application proposed for CD-ROMs leading to the comment: 'This might explain why, within five years, 80% of these discs were located in libraries, mainly with academic and professional specialisations.' 2 Another similar application that emerged was the use of CD-ROMs as a photo library. Indeed one, an early ini tiative in dentistry, was a disc from one of the teaching establishments con taining dental radiology images. 3 This was sent to all students who neverthe less had to use it in conjunction with a paper-based course.
Top of the pops -CD-ROM and DVDs in dental education
Although useful, the applications described so far in this paper are static applications, ie they do not take full advantage of the medium's potential, especially its interactivity and ability to store data in different formats. In the opinion of one author: 4 'As soon as a computer is connected to any integrated media source, eg CD-ROM, the potential opens up for the computer to do far more than fulfil the stop-start role. ' It is this combination of func tions together with its ability to store text, audio, images and video that has enabled the CD-ROM to be seen as a stimulating learning resource. 5 Its attraction as an education and training resource has been increased by integrat ing it with the updating and interactive capabilities of telecommunications. 5 The impact of CD-ROMs has been helped considerably by subsequent integration into PCs and laptops, lead ing to the claim that its 'develop ment was the event that opened up the world of interactive media… adding the video and audio to computer-mediated instruction.' 6 CD-ROMs were seen as having narra tive, interactive and participative func tions. However, a great many CD-ROMs deliver the first two, but few offer 'genu inely participative functions.' 4 It was also claimed that students participate by creating and doing, eg writing and drawing. This may explain why CD-ROM variants CD-R (compact disc recordable) and CD-RW (compact disc rewriteable) have roles. 4 
CONTENT AND AUTHORING
To be useful, CD-ROM theory and tech nology have to be translated into a device that will deliver teaching and material in a way that makes a major contribu tion to a student's learning experience and ultimate success. CD-ROM has the advantage of being a fully integrated digital medium, ie it has the ability to mix sound, video, graphics, animation, speech and text together with interac tivity. By fully realising these proper ties, the CD-ROM developer should be able to produce an imaginative, creative and stimulating pedagogic resource.
Exciting though this may seem, there is still the distinct likelihood that a CD-ROM may still not be fit for pur pose, a problem neatly summed up in the claim that: 'Many CD-ROMs are poorly constructed, consisting simply of a mishmash of images, sounds and video that offer little more than light entertainment.'
7 Either that or they are the repository of masses of information, cf reference books, or simply store printed material.
Despite the comment that entertain ment should play a part in the impact of a CD-ROM, its multi-media potential helps students to both memorise and assimilate information. 8 However, it should not be assumed that to be effec tive, educational CD-ROMs need to have the entertainment value of 'Hol lywood Blockbusters'. Nevertheless they should be an interactive resource that contributes to 'the total learning pack age'. The needs of, and benefi ts to the student must, therefore, be paramount. The media should not be allowed to obscure the message and, when design ing an educational CD-ROM, priority must be given to well presented and relevant content. 8 In the opinion of the authors of this article, a CD-ROM's content should typically include some or all of the following:
Creating these involves three stages -storyboarding, scripting and pro gramming. The storyboard takes the ini tial idea and concept and turns it into the detailed pictorial scenario for the programme from which the script can be written and the illustrative content determined and resourced. Authoring software is then used to convert the material into digital data for storing on the disc.
DISCOGRAPHY
A large number of CD-ROMs have been developed for use in dental education, some by a number of academic bodies, some as collaborations between academic bodies and commercial organisations, and some by either private companies or public bodies such as the Department of Health for England. 
Evaluation -trials with students
Examples of the institute-produced with considerable input from an academic discs are programmes for dental com-
The attitude of the students towards body -can be illustrated by the 'Head and munications and a prescription game. The dental communications programme 9 forms part of one institution's Introduc tion to clinical science course 2001 and uses techniques such as multi-choicing, questions and answers, animation and role-playing to show students the prob lems in and importance of communicating with patients and in putting them at ease when making an initial diagnosis (Fig. 1) . It takes into account whether the patient is male or female and their mood during history taking, their state of health and the nature of their dental complaint(s).
Produced by a multi-disciplinary team drawn from social and behavioural sci ences, dentistry, education and IT, the disc's aims are to improve dentist-patient communications through an interactive programme, which enables students to develop and test their strategies for com municating with patients in a simulated dentist-patient clinical session.
Development of materials
During the production of the pro gramme, experienced professional role players (actors) were employed to pro vide the 'patient' for the CD-ROM. Three role players took part, one male and two female. Each acted out the patient part of the storyboard fi ve times, portraying different emotional levels on each occa sion. The five different levels were:
• Calm • Mildly anxious • Very anxious • Mildly angry • Very angry.
On each occasion the patient gave the same answers to questions on the medical history and broadly similar responses. Additional phrases and changes in tone of voice and non-verbal behaviour were used to denote emotion. Similarly, stu dents were (and are) able to change their own demeanour from mild to fi rm by moving a cursor.
Additional recordings of non-story board pieces were made for each 'patient' for inclusion as hidden elements within the CD-ROM. For example, the patient was recorded walking out of the dental surgery, or hitting the camera. this learning experience was evaluated using the Theory of Planned Behaviour (TPB), a model of behaviour derived from research in social psychology. 10 A questionnaire based on the TPB tested the following:
Attitude towards communicating well with patients over the next six months was measured using six semantic dif ferential scales (ie, boring-interesting; harmful-benefi cial; unpleasant-pleas ant; unenjoyable-enjoyable; worth less-valuable; unimportant-important), scored -3 to +3.
Subjective norm was assessed in relation to four groups of people who were impor tant to the student: their fellow students, their clinical supervisors, their patients, and their family. Each item was scored -3 to +3 and the scale scores summed.
Perceived behavioural control was measured by four items scored from -3 to +3.
Behavioural intention. This scale com prised four items. Table 1 shows the scores of the stu dents for the TPB tests, following their work with the CD-ROM. The students showed a very positive attitude towards communicating with patients, they believed it was important and valuable. They also believed that their colleagues and staff believed it was important that they communicate well with patients (subjective norm). The perceived behav ioural control scores suggested that the students believed that they had a degree of control over their ability to communi cate well with their patients. Finally the students showed a positive behavioural intention to communicate well with their patients.
In the neck
The second group of CD-ROMs -those produced by external organisations, but Neck Anatomy 2' 11 disc (Fig. 2) . The CD-ROM is virtually a textbook of the anatomy of the head and neck. Its contents cover anatomical terms and definitions, embryology, histology, sys tems overview, special clinical sections, and interactive anatomy. Its educational value is revealed at the very beginning of the programme: 'The anatomy of the head and neck poses a particular chal lenge for the student. The relationships of adjacent anatomical structures are especially difficult, and an ability to visualise in three dimensions is abso lutely essential to success in studying this area of the body. ' The image and interactive properties of CD-ROM are invaluable in overcom ing this problem and the disc uses them to good effect. The text provides narra tive and explanation, but, on the basis of 'one picture's worth a thousand words', it is also the gateway to pictorial depic tion. Embedded in the text are hyper links to slides, movies and diagrams that provide graphic depictions of parts of the anatomy, dental conditions, treat ment and operations. The still images are labelled such that specific areas are highlighted, allowing students to study them in close-ups, a facility enhanced by the ability to zoom in even closer. The inclusion of questions and answers, quizzes and a fully-indexed glossary complete what is a very comprehensive, stand-alone teaching aid.
CD-ROMs for use in dental continuing professional development
A number of UK dental schools have developed programmes for undergradu ates, covering topics such as complete dentures 12 and orthodontic assess ment, 13 and elsewhere in the world large numbers have been developed for this There are approximately 33,500 registered dentists in the UK, 15 all of whom are legally required to under take continuing professional develop ment (CPD). It is perhaps unsurprising, therefore, that the use of CD-ROMs has been widespread as a means of providing CPD. Dental companies have produced educational CD-ROMs to provide CPD to dentists. The programmes have been both for distribution free of charge 16 and as commercial ventures.
17 Typical of the latter are programmes on 'PULP affl ic tion' and 'Screening for oral cancer and precancer': versions are available with a verifiable module. In the recent past, some of the discs have been for simul taneous use with online programmes and have enable users to overcome the limitations of lack of band-width when online. 18 However, in England the great est number of dental CD-ROMs, both in terms of the range of titles and numbers distributed, were developed to provide CPD to dentists working in primary den tal care in the NHS.
Over thirty different CD-ROM pro grammes, covering virtually all aspects of clinical dentistry were developed, evaluated and distributed, initially by the Department of Health for England and, until 2002, by the National Centre for the Continuing Professional Educa tion of Dentists (NCCPED) as part of a distance learning initiative for general dental practitioners (GDPs). The pro gramme was funded under the terms of section 63 of the 1968 NHS Act which permits the Secretary of State for Health to fund the continuing professional edu cation of dentists. 19 This initiative began in 1990 as a response to a national survey of the CPD participation by GDPs in England, which indicated a need for home/work-based CPD materials. 20 Thirty-two different in Table 2 . All titles underwent a standardised evaluation by a minimum of 50 dentists per programme before they were made generally available. The results of the evaluations of the early programmes were published in peer-reviewed jour nals. [21] [22] [23] [24] [25] The CD-ROMs in the series cover virtually all aspects of clinical dentistry and were/are available free of charge to all dentists working in NHS primary dental care in England. 26,500 were dis tributed in one year alone (the fi nancial year 2001/2002). 26 They are unique in terms of the rigorous pre-distribution evaluation and assessment, wide range of topics covered and numbers distrib uted: all promoted (and promote) inter active learning.
CD-ROMS AND BLENDED LEARNING
CD-ROMs can play an important role in blended learning, which is the com bination of e-learning and face-to-face instruction. For example, CD-ROMs have been used before, during and after tradi tional CPD attendance courses.
The benefi t of using a CD-ROM on the topic of the course before an attendance class is that it provides a review of the 'science' and methodologies to be cov ered. This is particularly useful prior to CPD 'hands-on' courses, as with the 'theory' covered in the participants' own time and in advance of the attendance element of the 'blended course', par ticipants can spend more time actively using the 'hands-on' facilities and can maximise the time that they are actively carrying out procedures.
During attendance courses, the ability of a CD-ROM to store vast quantities of high quality images can be harnessed in a number of ways. From the point of view of the teacher/lecturer/educational facil itator, it has largely removed the need to transport carousels of 35 mm slides from class to class and, in tandem with soft ware such as PowerPoint, has led to the development of new styles of teaching. When videoconference links are used to enable speakers/teachers from dis tant sites to address audiences/classes, the use of local projected images from 
Title

Date published
Safequest… a look at cross infection control 1998
Oral ulcers 1998
Fissure sealants 1999
The X-ray fi les 2000
Management of traumatised incisors 2000
Dental photography 2001
Screening for oral cancer and pre-cancer in general dental practice 2002
Assessing the periodontium 2002 problem of poor image quality and enathere is now a considerable -and fash-ble low band-width links to be used. 27 After taking part in attendance courses, participants can use CD-ROMs to provide aide-memoires and can refer to them to check information or images.
EFFECTIVENESS
As far as dental education is concerned, there have been a number of studies and papers on the topic of 'effectiveness', including Schleyer and Johnson (1999), 14 Kay (2002), 28 and Renson (2002) . 29 An important point is that unlike web based programmes, CD-ROMs cannot be updated, but at present at least, they provide better image quality and, unless the user has access to broadband, do not incur expensive call charges. Table 3 , taken from the report of a study by The Open University 27 amongst its students, shows the rating of different media components by types of subjects. It should not be surprising that CD-ROM scores higher in the science, technology and maths courses, which are more likely to use this resource and whose students are more likely to be computer literate.
Kirkwood later comments on 'software components for independent learners, for example, enabling learners to actively explore, manipulate and interact with resources where these forms of engage ment are central to the learning proc ess.' 27 He then quotes a science student's illustrative comment: 'one of the best ways of learning; you're permanently interacting with the CD-ROM; makes learning fun.'
DISC ENDS
The CD-ROM has made a major contri bution to the development of teaching practice and the greater availability of educational material for students. However, there is now some doubt as to its future as a teaching medium. The advent of DVD with a maximum stor age capacity of 17 gigabytes as against ionable -rival. DVDs combine the best features of laser disc and CD-ROM and provide a multi-media platform that can deliver high quality, full motion video and better-than-CD audio. They can be a highly interactive, with an on-screen navigation capability with branching which allows the selection of a par ticular lesson from a menu or the quick navigation of programme content. Pro vided it incorporates the relevant addi tional content, users can select their native language for video scenes and audio tracks.
With a computer or video player, a DVD can not only accommodate the same types of data as CD-ROM, but also present it in a superior, more lifelike manner. In addition, it allows students to create their own versions.
A problem could be that DVDs may well demand Hollywood Blockbuster style production values with commen surate costs. This may be the reason why there are currently few DVDs available for dentistry or other disciplines. One such example is the course on 'Pulp affl ictions' 30 that aims to review stu dents' 'understanding of the princi ples of endodontic practice.' Since the advent of high density DVD, ever more detailed and extensive material can be viewed.
